The types of organisms detected entering New Zealand on fresh produce (i.e. organisms intercepted during inspection at the border and/or intercepted post-border) were compared with the types of organisms that have recently been reported as established in New Zealand (i.e. organisms with population(s) detected and/or reported for the first time in New Zealand). Of the 420 new-to-New Zealand records from 1990-2007, 65.7% and 33.8% were pathogens and invertebrates, respectively. In contrast, over 96% of 19,127 border interception identification records and 499 post-border interception records from [2003][2004][2005][2006] were invertebrates. Of the 104 new-to-New Zealand insect and mite species, 12 were intercepted on fresh produce. The mismatches between the types of organisms intercepted and new-to-New Zealand records revealed in this novel analysis indicate that commercially imported fresh produce does not constitute a major pathway for establishment of exotic pests in New Zealand. Present phytosanitary measures (preborder, border and post-border) appear appropriate to managing the risk.
INTRODUCTION
Trade is an essential part of New Zealand's primary production-based economy. With increasing trade, there are numerous pathways for the entry and establishment of new organisms. Obviously these risks need to be managed with the development and implementation of appropriate sanitary/phytosanitary measures. Commercially imported fresh produce for consumption, defined by MAF Biosecurity New Zealand as 'fresh fruit and vegetables' (MAF 2008) , is but one import pathway that requires management. Fresh produce importers believe that the present phytosanitary measures (as defined in FAO (2007) ) for commercial fresh produce adequately mitigate the risk of regulated pests (as defined in FAO (2007) ) establishing in New Zealand via the commercial fresh produce pathway.
The novel analysis described here is an attempt to test this view by a comparison of the types of organisms detected entering New Zealand on fresh fruit and vegetables (i.e. those organisms intercepted during inspection at the border and/or intercepted post-border) and the types of organisms that have recently been reported as established in New Zealand (i.e. those non-vertebrate organisms for which population(s) were detected for the first time in New Zealand in association with plants and/or the environment, including those that are believed to be part of New Zealand's previously undescribed native flora and fauna). In the future, similar analyses of other import pathways may assist in providing an indication of the relative risk of establishment of new organisms via these pathways. With reference to the taxonomic groups assigned to these PPIN and STARS records, a summary of each data set was compiled. Subsequently, these summaries were directly compared. Initial analysis involved combining taxonomic groups broadly, e.g. bacteria, Chromista, fungi, phytoplasmas, viroids and viruses were grouped as 'pathogens', earthworms, insects, leeches, millipedes, mites, molluscs, nematodes, spiders and the likes were grouped as 'invertebrates'. Given the predominance of invertebrate interceptions recorded in association with fresh produce imports, further analysis focused on invertebrates. It involved searching the border and post-border interception records for those invertebrate species that had recently been reported as established in New Zealand. In addition, a comparison between species intercepted at the border and post-border is presented.
MATERIALS AND METHODS

RESULTS AND DISCUSSION New-to-New Zealand records
The taxonomic groups applying to PPIN Database records at the time the records were extracted were: alga, bacterium, Chromista, earthworm, fungus, insect, leech, millipede, mite, nematode, phytoplasma, plant, snail, spider, viroid and virus. Of the 420 new-toNew Zealand records during the period 1990-August 2007, Table 1 shows the number of new records in each taxonomic group.
If the taxonomic groups are combined into invertebrates, pathogens and algae or plants, the percentages of the new-to-New Zealand records falling into these broader groupings are 33.8%, 65.7% and 0.5%, respectively. Very similar results had been obtained from earlier analysis of all 311 new-to-New Zealand records for the period 1990 to April 2004 with 34.1%, 65.6% and 0.3% falling into the broader groupings of invertebrates, pathogens and plants, respectively (Frampton 2004 ). It must not be assumed, however, that all of these new-to-New Zealand records comprise exotic organisms that have recently arrived in New Zealand. A portion of the records relate to organisms that are believed to be part of New Zealand's previously undescribed or unrecognised flora and fauna (e.g. Ycaploca sp. nr evansi and Anacharis zealandica). Table 2 provides summaries of the border and post-border interception data sets. Compared to Table 1 , there are a number of additional taxonomic groups represented in the border interception data set. These include centipede, crustacean, flatworm, mollusc (as well as slug and snail, which belong to the phylum Mollusca), pseudoscorpion and slater.
Fresh produce interception records
If the taxonomic groups are combined into invertebrates, pathogens and others, the percentages of both border interception and post-border interception records falling into the invertebrate and pathogen groupings are >96% and 3.2%, respectively. In contrast to the new-to-New Zealand data, there is a predominance of invertebrate records in these two interception data sets. This predominance may be accentuated through the inspection process, which involves visual examination of a defined sample of any fresh produce consignment. Clearly visual examination will not detect microscopic organisms contaminating the fresh produce, although obvious symptoms of fungal infections (e.g. lesions or external hyphal growth) in the sample will be identified. Countering this, however, is the need for exporters to ensure fresh produce is of the highest quality otherwise consignments will not even reach the desired markets let alone be suitable for sale and subsequent consumption.
Although the percentages of both border interception and post-border interception records falling into the broad invertebrate and pathogen groupings are very similar, the proportions of individual invertebrate taxonomic groups differ considerably. Notably, spiders make up just 2.13% of the border interceptions but 26.85% of post-border interceptions. In contrast, mites make up 24.94% of the border interceptions but only 3.81% of post-border interceptions (Table 2 ). This may be due to the observational skills of trained MAF staff undertaking fresh produce inspections as opposed to the bias (for larger, more mobile organisms) of the public in reporting post-border finds. 
Further analysis
Given the predominance of insect and mite interceptions recorded in association with fresh produce imports, further analysis involved direct comparison of the new-to-New Zealand insects and mites with interception records of those species of insects and mites. The results of this comparison are shown in Table 3 .
From Table 1 , the number of new-to-New Zealand insect and mite records totals 113. The 104 listed in Table 3 includes several species (e.g. Solenopsis invicta and Hyphantria cunea) for which there is more than one record/incursion. Notably, of the 104 insect and mite species that have recently been reported as established in New Zealand, 12 species (10 insect species and 2 species of mite) or 11.5% have been intercepted on records from fresh produce imports. There are an additional 25 species (24.0%) that have not been intercepted but other species in the same genus have.
Of the 10 insect species that have recently been reported as established in New Zealand and have been intercepted on fresh produce imports during the 4 years, 2003-2006 inclusive, four belong to the hymenopteran family, Formicidae (ants). The four species are Anoplolepis gracilipes (yellow crazy ant), Paratrechina longicornis (crazy ant), Solenopsis geminata and Solenopsis invicta six species, one belongs to each of three hemipteran families, Aphididae, Diaspididae and Pseudococcidae, Isotenes miserana belongs to the lepidopteran family Tortricidae, Lachesilla pedicularia belongs to the psocopteran family Lachesillidae and Frankliniella intonsa Prostigmata, while the three species of Tarsonemus belong to the family Tarsonemidae and the two species of Tydeus to the family Tydeidae.
As For completeness, the post-border and border interception records were examined more closely to determine whether those species intercepted post-border had also been detected/intercepted at the border. As shown in Table 4 , overall 90 of the 174 (51.7%) species intercepted post-border had also been intercepted at the border. Notably some insect orders are intercepted post-border more frequently than others, e.g. Lepidoptera, Hemiptera and Coleoptera. Furthermore, a few species can be seen to contribute disproportionately to the post-border interception records (e.g. Antichloris viridis (banana moth) and Neotoxoptera formosana (onion aphid)).
It must be noted that like any large data sets there are some limitations to the data used for this analysis. Practically, the data relate to evolving MAF operations including the adoption of different or additional phytosanitary measures for fresh produce imports, changing data recording systems as well as the availability of new diagnostic techniques. Thus the data used for the analysis described above covered time periods for which databases. Consequently, it is highly unlikely that particular new-to-New Zealand records can be linked to certain imports. Notably, new-to-New Zealand records from the PPIN organisms recorded in the STARS Database from [2003] [2004] [2005] [2006] . This perhaps raises issues about the value of the approach. Nevertheless, it is considered that in conjunction with other approaches to analysing the risk of new organisms establishing in New Zealand (e.g. Worner & Gevrey 2006) , the novel approach adopted here has the potential to guide additional risk assessment of related invasive species in prominent taxonomic groups and/or research into more effective management. Although many of the interception records did not include identifications to the genus and species level, analysis of the broad taxonomic groups of intercepted organisms provides some insights into the risk presented by a particular pathway. If the pathway was contributing significantly to the establishment of new organisms in New Zealand, the types of organisms recently reported as established in New Zealand could be expected to match the types of organisms detected entering New Zealand (as indicated by interceptions). This analysis of the fresh produce pathway revealed a number of mismatches between the types of organisms intercepted and new-to-New Zealand records: (i) about two-thirds of the new-to-New Zealand records since 1990 were pathogens, yet very few pathogens have been intercepted on commercial fresh produce imports; and (ii) most interceptions on fresh produce were insects or mites, while just one-third (33.8%) of the new-to-New Zealand records were invertebrates. Furthermore, of the 104 insect and mite species that have been detected in New Zealand since 1990, 12 (11.5%) were intercepted on fresh produce in the 4-year period, 2003-2006 inclusive. In summary, a comparison of the types of organisms detected entering New Zealand on fresh produce with those that have recently been reported as established in New Zealand appears to provide some insights into the risks presented by this particular pathway. The results of the analysis described above tend to support the view that the present phytosanitary measures for commercial fresh produce imports adequately mitigate the risk of new organisms establishing in New Zealand via the pathway. As well as postborder surveillance activities and incursion responses, the phytosanitary measures referred to include those set out in the standard "Importation and clearance of fresh fruit and vegetables into New Zealand" (MAF 2008) . Nevertheless, to determine more accurately the value of this novel analytical approach, similar analyses of other import pathways could be usefully conducted. Such analyses may assist in providing an indication of the relative risk of establishment of new organisms via different pathways. In addition, the accuracy of the approach could be improved through more detailed examination of the new-to-New Zealand records to separate out records of exotic organisms that have established in New Zealand (albeit for a short time only on occasions) from those that constitute organisms that are believed to be part of New Zealand's previously undescribed or unrecognised native flora and fauna.
